Two new 2D polymers, thallium(I) hydrogensalicylate (1) and hydrogenphthalate (2), have been synthesized and characterized by elemental analysis, IR, 1 H NMR and 13 C NMR spectroscopy. The single-crystal X-ray data show the coordination number of the Tl I ions of compounds 1 and 2 to be four and six with the environment TlO 4 and TlO 6 , respectively. The arrangement of the O atoms suggests a gap in the coordination geometry around the thallium atoms in both compounds, due to a stereo-chemically 'active' electron lone pair of Tl I . There is another interaction between the thallium atom and the carbon atoms of an aromatic ring in compound 1, giving a total hapticity of ten with the environment C 6 O 4 Tl.
Introduction
Thallium reagents, despite their inherent toxicity and cost, have played an important role in the development of modern inorganic and organometallic chemistry [1 -10] . Thallium, when compared with the remainder of the group 13 elements, shows a preference for the oxidation state +1. This has been attributed to the effect of the inert pair of electrons introduced by Sidgwick and generally used in introductory textbooks to explain the tendency of the heavier main-group elements to adopt oxidation numbers that are 2 less than the respective group number. This phenomenon originates from a combination of shell structure effects and relativity. Owing to the relativistic downshift in energy of the 6s orbital, Tl does indeed favor the oxidation state +1 over +3. Moreover, Tl might be regarded as a relativistic alkali metal because Tl chemistry parallels that of the alkali metals in many ways [7] .
In recent works we have reported the crystal structures of a Tl I phthalate [2 -3] , and in this paper we extend this subject to include hydrogensalicylate andphthalate which are found to be two-dimensional polymers with a stereo-chemical activity of the Tl(I) valence shell electron lone pair.
Results and Discussion
The reaction between thallium(I) nitrate and mixtures of sodium salicylate/phthalate in methanol 0932-0776 / 06 / 0500-0565 $ 06.00 c 2006 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com gives the crystalline materials {Tl (2) . The IR spectra of these compounds show absorption bands resulting from the skeletal vibrations of aromatic rings in the 1400 -1523 cm −1 range. The relatively weak bands at around 3040 and 3050 cm −1 are assigned to the ν(CH) mode of the salicylate and phthalate rings in 1 and 2, respectively. The broad absorption band for ν(H-O) appears at ca. 3420 and 3430 cm −1 , respectively, attributable to ν(O-H ··· X) hydrogen bonds. The structures of compounds 1 and 2 were confirmed by X-ray crystallography.
Determination of the structure of the 1 and 2 by X-ray diffraction ( Table 1 , Figs 1 and 2 ) has shown the compounds to be two-dimensional polymers (Figs 3 and 4). The thallium atoms can be considered to be four-and six-coordinate, respectively. The separations between the thallium atoms are 4.33(2) and 4.037(3)Å in 1 and 2, respectively, longer than the sum of van der Waals radii of ca. 3.92Å [10] of two Tl I . Hence, a thallophilic Tl··· Tl interaction in these compounds can not be considered. The (H)salicylate − anion acts as a tetradentate ligand, connecting four Tl I ions. The carboxylate group of this ligand acts only as a bridging unit (Fig. 1) . The carboxylate groups of the (H)phthalate − ligand act as both bidentate chelating, and bridging units. Two oxygen atoms of one -COO group coordinate to a thallium(I) ion, also these oxy- gen atoms bridge to four other thallium atoms. Interestingly, one of the oxygen atoms in this compound is linked to three different thallium atoms, a very novel and interesting behavior of carboxylate groups (Fig. 4) . The oxygen atom of the -OH group is coordinated to thallium atoms in 1 whereas this group in the 2 is not coordinated to thallium atoms. The arrangement of the oxygen atoms of the (H)salicylate − and (H)phthalate − ligands suggest a gap in the coordination geometry around the metal ions in the both compounds, occupied possibly by a stereoactive lone pair of electrons on the thallium atoms. The observed shortening of the Tl-O bonds on the side of Tl ion opposite to the putative lone pair (Tl1-O2 i = 2.54(6) and Tl1-O4 = 2.743(8)Å compared with Tl1-O3 = 2.93(5) and Tl1-O4 ii = 3.035(9)Å adjacent to the lone pair in 1 and 2, respectively) (Figs 5 and 6) supports the presence of this feature [12] .
With a low formal coordination number of 4 for the Tl atom in 1, one tends to look for secondary interactions that could possibly relieve this coordinative unsaturation. To find other potential donor centers, it is necessary to extend the bonding limit. A search was made generally for Tl···C approaches in 1 and 2, and it appears that the Tl atoms of 1 may also be involved in an η 6 interaction with the phenyl groups of salicylate anion. The Tl I atom in 1 has contacts to six carbon atoms of a phenyl ring, with distances C1
iii ··· Tl = 3.91(5), C2 iii ··· Tl = 
3.90(4), C3
iii ··· Tl = 3.81(4), C4 iii ··· Tl = 3.72(4), C5 iii ···Tl = 3.69(6) and C6 iii ···Tl = 3.79(4)Å (Fig. 5) . Hence, its coordination sphere in 1 is completed to obtain an irregular ten coordination. The reported Tl···C separations range is 3.20 -4.00Å in recently reported species [5, 13] . Thus, hexahapto aromatic coordination of Tl(I) appears to be yet another factor which can make varying contributions to the sta-bility of complexes of this metal ion. A recent report of polyhapto-aromatic interactions in lead(II) coordination has suggested that the active lone pair of Pb(II) may be involved in donor bonding [14] . A comparison to the usual results may indicate that the unusually high coordination number in 1 reflects the capacity of Tl(I) to act like Pb(II) as both a Lewis acid and a Lewis base.
Experimental Section
Sample characterization IR spectra were recorded as nujol mulls using PerkinElmer 597 and Nicolet 510P spectrophotometers. Microanalyses were carried out using a Heraeus CHN-O-Rapid analyzer. Melting points were measured on an Electrothermal 9100 apparatus and are uncorrected. The 1 H and 13 C NMR solution NMR spectra were recorded on a Bruker DRX-500 AVANCE spectrometer at 500 and 125 MHz, respectively.
Preparation of {[Tl(H)salicylate)]} n (1)
The compound was prepared by dissolving 0.266 g (1 mmol) of thallium(I) nitrate in distilled water and methanol and adding a mixture of phthalic acid (0.158 g, 1 mmol) and sodium hydroxide (0.04 g, 1 mmol) in methanol. The resulting mixture was stirred for 1 h. The solution was allowed to stand at room temperature for several days. After evaporation of the solvent crystals were obtained (m. p. > 300 • C). Yield: 0.170 g, 50%. 
Preparation of {Tl[(H)phthalate)]} n (2)
The compound was prepared by dissolving 0.266 g (1 mmol) of thallium(I) nitrate in distilled water and methanol and adding a mixture of phthalic acid (0.186 g, 1 mmol) and sodium hydroxide (0.04 g, 1 mmol) in methanol. The resulting solution was stirred and then allowed to stand for several days at room temperature. Slow evaporation of the solvent at room temperature yielded crystals suitable for X-ray analysis. The crystals were washed with acetone and air dried (m. 
X-ray crystallography
X-ray measurements were made at 293(2) K and 120(2) K using a Siemens R3m/V diffractometer for compounds 1 and 2, respectively. Accurate unit cell parameters and the orientation matrix for data collection were obtained from least-squares refinement. The structures have been solved by direct methods and refined by full-matrix least-squares on F 2 . The positions of hydrogen atoms were calculated at idealized geometrical positions and included in the structurefactor calculation as fixed-atom contributions. The absolate structure of 2 was determined by refinement of Flack's parameter x = −0.00 (2) [15] .
Crystal data and refinement parameters are given in Table 1. Selected bond lengths and angles are given in Tables 2  and 3 .
Supplementary material
Complete bond lengths and angles, co-ordinates and displacement parameters have been deposited at Cambridge Crystallography Data Centre. Supplementary data are available from the CCDC, 12 Union Road, Cambridge CB2 1EZ, UK on request, quoting the deposition number 283537 for 1 and 270820 for 2.
